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ABSTRACT
Title of Dissertation: Perceptions of mangrove ecosystem services and conservation
priorities by decision-makers and key stakeholders in Nigeria

Degree:

Master of Science

Understanding how decision-makers perceive mangrove ecosystem services and
the challenges that threaten the health of the mangroves is essential for prioritizing
mangrove health and achieving management and conservation of the mangrove
ecosystem. This study explored decision-makers perceptions of mangrove
ecosystem services in Nigeria and opportunities for prioritizing conservation through
evaluating its ecosystem health, identifying the ecosystem services, and the
activities that threaten the mangroves.
I used semi-structured interviews with policymakers in the regulatory institutions,
experts in academia, community leaders, and NGOs, along with a review of grey and
peer-reviewed literature to identify the perceived ecosystem services. I also explored
how mangrove health is prioritized, challenges for prioritizing mangrove health, and
opportunities to prioritize mangrove health through the same process.
The important ecosystem services that were perceived to sustain the livelihood of the
people in the mangrove area are provisioning services (habitats for fish species;
provide food, timber, medicine, dye, salt, honey, wood for local canoes, fuel wood,
charcoal, and paddling sticks; and aquaculture), regulatory & maintenance services
(carbon sequestration, protection against coastal erosion, accumulation sites for
sediment, and biological filter), supporting service (habitat for migratory species,
mammals, and birds, breeding, spawning grounds for biodiversity) cultural services
(tourism & recreational, aesthetic, spiritual, cultural heritage, education & site for
research) even though some services are perceived as more important than the
others, for instance, provisioning services are perceived more than other services.
The interview data also revealed some challenges that are degrading the mangrove
health impacting the ecosystem at large and the livelihoods of communities living in
and around the mangroves. These challenges are oil exploration, land reclamation of
mangrove areas, unsustainable uses (unsustainable logging, overfishing,
aquaculture, hunting), climate change (sea level rise, floods, and sea surges), and
invasive species among others. The findings also provided suggestions for prioritizing
mangrove health and achieving conservation. For instance, through a stepwise comanagement strategic framework starting with identification of derived benefits and
valuation of the ecosystem services, advocacy for their protection, and
implementation of a protected area. Also, restoration, replanting, providing alternative
livelihoods to the local people, and eradication of nipa palms from the invaded areas
were mentioned as opportunities for prioritizing and achieving mangrove health and
conservation.

KEYWORDS: mangroves, ecosystem services, mangrove health, livelihoods,
perception, degradation, restoration, reclamation, habitat, biodiversity, conservation
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INTRODUCTION
Ecosystem services are the benefits humans obtain from ecosystems (MEA,2005;
Chang et al., 2020), which are direct or indirect (Beaumont et al., 2007). Describing
ecological processes and resources through their ecosystem services could help
decision-makers understand environmental functions acquired and lost as a result of
exploitation and development (Borgese, 2000; Weslawski et al., 2006). However, the
challenge of addressing the management of ecosystem services at various levels of
decision-making with disparate competencies exist (Hauck et al., 2013; Schleyer et
al., 2015); in addition, management of ecosystem is context dependent in relation to
the ecosystems (Schleyer et al., 2015); and also involves stakeholders with diverse
interests inevitably affected by issues like justice and ethics (Abson et al.,2014; Jax
et al.,2013; Schleyer et al., 2015).
Mangroves are inter-tidal forests that inhabit the interface between dry-land and open
seas in tropical and subtropical regions. The term describes both the plant and the
ecosystem (Adams, 1993; Nwilo et al., 2006; Barbier et al., 2011). Moreover, the
unique habitat formed by the mangrove ecosystem (brackish water) makes it home
to many animal species including fishes (Tilapia, Catfish), shrimps, crabs, large
vertebrates (Turtles, Manatees), large terrestrial species (crocodile, hippos) and
migratory birds (James et al., 2007; Spalding et al., 2019). For example, mangroves
support fisheries as a nursery, providing spawning, breeding, and hatching habitats;
serve as natural barriers against storm surges, destructive waves, wind, and water
current (Swamy et al.,2017). Moreover, mangrove root systems stabilize the
sediment, hence controlling erosion (Salem & Mercer, 2012).
Also, mangroves provide an important variety of products, including wood, food,
natural products, and fish harvest (Islam & Hague,2004; Atkinson et al., 2016). In
addition, mangroves regulate the climate, provide nutrients for the habitats, serve as
biological filters, and degrade pollutants, including organic and inorganic (Bayen et
al., 2005; Nascimento et al., 2013). Furthermore, mangroves provide aesthetic
landscapes and educational sites (Wang et al., 2021).
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Mangrove ecosystems thus have an imperative role in the ocean ecosystem, but they
are threatened by ecological degradation due to human activities such as the
conversion of mangrove areas to other usages (roads, harbours, ports, aquaculture),
overexploitation (unregulated logging), pollution of the marine environment (oil
exploration and spills), and climate change (Alongi, 2002; Wang et al., 2021) which
all contribute to mangrove loss globally.
Nigeria's coast has an extensive cover of mangrove forests. The mangroves cover
about 105,000 hectares extending 10 – 150 km inland of the Nigerian coastline (over
853 km) along stretches from the western border with the Benin Republic to the
eastern border with Cameroon (IPIECA, 2002; Benson, 2012) (see Figure 1 for a map
with their spatial extension). More so, mangroves are found in all the country's coastal
states: Akwa- Ibom, Bayelsa, Cross River, Delta, Edo, Lagos, Ogun, Ondo, and
Rivers (Benson,2021). The spatial extent of the mangroves varies along with the
states with Rivers and Bayelsa having the largest area of mangroves (Numbere,
2019; Numbere & Camilo, 2016; Benson, 2021).

Figure 1: Map of Nigeria showing Mangrove area (FORMECU,2018)
Nigeria has eight mangrove species: Rhizophora racemosa, Rhizophora mangle,
Rhizophora harrisonbgii, Laguncularia racemose, Acrostichum aureum, Avicennia
germinans, Conocarpus erectus, and Nypa frutican. The red mangroves which grow
more within the deltas and the estuaries are dominant species with Rhizophora
racemosa being the most common covering 90% of the area and growing to a height
of 45m under good conditions (Chima & Larinde, 2017). The white mangroves grow
in association with the other species on the edge of river shores leading to the Atlantic
Ocean (UNEP, 2007; Benson, 2021).
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The mangroves in Nigeria provide several important ecosystem services. For
instance, the provision of habitats for biological diversity consisting of aquatic and
terrestrial plants and animals which includes insects (Membere et al., 2021), habitats
for different species of fish (Onyena & Sam, 2020), a landing habitat for migratory
birds, habitat for rare and endangered (Manatee, Turtles) species and nursery for
many fish species such as Tilapia (Onyena & Sam, 2020).
The mangrove ecosystems also provide timber which the coastal communities in
Nigeria use as domestic fuel, fish processing, and construction of boats, houses,
fences, and tool handles (Carrere, 2020). In addition, the mangrove trees are also
used for the production of commercial wood poles, pulp, paper, boat paddles, and
carvings (Chima & Larinde, 2016; Benson, 2021).
The relationship amongst ecosystem services and livelihoods is frequently
complicated, with some of these services receiving more attention than others
(Nyangoko et al., 2020). Even though the perceived value of specific services may
vary among individuals or organizations, an improved understanding of people's
perceptions of ecosystem services, where humans rely heavily on natural resources
for a living, is indispensable for successful decision making in management of
ecosystems (Costanza et al., 2017; Nyangoko et al.,2020). Riechers et al. (2016) for
instance showed that perception and understanding of ecosystem services with
regard to urban green areas and their benefits can address planning challenges and
enhance good policy decisions regarding the ecosystems.
The understanding of the people's perception of ecosystem services is contextdependent. Their perception is influenced by geographical settings, socio-economic
characteristics at the community, and management institutions, such as what
ecosystem services of the mangroves an institution regulates and how communities
perceive and prioritize various ecosystem services important to their livelihoods
(Casado-Arzuaga et al., 2013; Costanza et al., 2017; Nyangoro et al.,2020). In
addition, various social factors (e.g., education, gender) and government policies on
management and conservation may influence the perceived importance of specific
ecosystem services (Mshale et al., 2017; Quintas-Soriano et al., 2018).
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Also, the knowledge (such as soil characteristic, vegetation composition and structure
(Datta & Deb, 2017)) of the actual condition of the mangrove ecosystems is vital for
managing the mangroves (Rönnbäck & Primavera, 2000; Wang et al., 2021) which
can be achieved through approaches to understanding the health of ecosystems
(Berit Hasler & Nordisk Ministerråd, 2016). This actual condition is the normal
vegetation structure, function, and resilience which include the diversity of the plant
and animal representative of the ecosystem and natural condition (biota & physical)
(Costanza,2012; Budiningsih & Aryadi, 2021). Furthermore, ecosystem health
assessments can be used for communication and decision-making support (Fries et
al., 2019).
According to Aktürk & Güneroğlu (2021), ecosystem services are important indicators
for measuring human and environmental interactions. Therefore, understanding the
different mangroves ecosystem services by decision-makers and scientists, and
managing the health of the mangroves may aid in the provision of policies that will
sustain important ocean habitats (Potts et al., 2016; Lithgow et al., 2019).
Furthermore, there are a number of ways value of ecosystem services are perceived
by people. People might value ecosystem services in economic terms (based on
individual preferences which can be aggregated into the monetary(non-market)
valuation(Pascual et ai., 2017). Alternatively, they might value them in biophysical
terms (e.g., a measure of biotic and abiotic ecological benefits for people, which
creates a desire for those benefits (Campbell et al., 2020)). They may also place a
socio-cultural value on the ecosystem services (e.g. the value may be rooted in
individuals and shaped by the social and cultural context) (Pascual et al., 2017;
Campbell et al., 2020). As such, the ways values are understood, acknowledged, and
addressed are complex and impact decisions (Pascual et al., 2017). Different sorts of
values produce diverse perspectives which impact decisions on aspects such as
conservation, equity, resilience (Martin et al., 2016; Pascual et al., 2017) and can
determine or undermine the objectives of those decisions which may aids to achieve
sustainable or unsustainable outcomes. These affect the perception of management
and conservation of the mangrove ecosystem and the coastal environment at large.
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1.1 ECOSYSTEM SERVICES OF MANGROVES
According to the Common International Classification for Ecosystem Services
(CICES) (Costanza et al., 1997; Groot et al., 2002; Haines-young & Potchin, 2010;
Cook et al.,2020), ecosystem services are classified into the following four categories:
1. Provisioning services are resources or goods obtained directly from the
ecosystem such as food, and timber (Rolando et al., 2017; Quijas &
Balvanera, 2013).
2. Regulatory and maintenance services are the benefits obtained from
regulating ecosystem processes such as regulating floods, disease, and
drought (Quijas & Balvanera, 2013).
3. Supporting services are indirect services required for the production of
provisioning, regulating, or cultural services (Rolando et al., 2017) such as soil
formation and nutrient cycling).
4. Cultural services are the nonmaterial benefits obtained from ecosystems when
interacting with people (Chan et al., 2011; Quijas & Balvanera, 2013)
examples are recreational use, scientific value, spiritual role, and aesthetics.
Moreover, these services include benefits people perceive and those they do not
perceive (Costanza et al., 2008), and the degree of understanding and perception of
the services varies among people.
1.1.1 PROVISIONING ECOSYSTEM SERVICES OF MANGROVES
Mangroves provide provisioning services in a number of ways. For example,
mangroves provide raw materials for wood(timber) and wood products, energy (fuel
from wood), and medicine (Alongi, 2002). The mangrove ecosystems also provide
important habitats for fish species, and are thus crucial for commercial fisheries and
food (Schuhmann & Mahon, 2015).
1.1.2 REGULATORY AND MAINTENANCE ECOSYSTEM SERVICES
Mangroves provide regulatory and maintenance ecosystem services. Mangroves
sequester carbon and store it in the soil as dead organic matter (Barbier et al., 2011;
Benson, 2021). Mangroves ecosystems are accumulation sites for sediment,
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nutrients, and contaminants, thus helping infiltration and clearing of water and
protecting against erosion Alongi, 2002). In addition, the root systems of mangroves
help form a natural barrier against violent storm surges and floods by trapping
sediment from rivers and land by the roots, which protects coastline areas and slows
erosion (Aju & Aju, 2021). The mangroves also protect coastal communities from
storm surges by slightly reducing storm surge and peak water levels. Small reductions
in peak water levels can help to avoid flooding and damage to property in low-lying
areas (Gilman et al., 2006).
1.1.3 SUPPORTING ECOSYSTEM SERVICES
Mangroves provide supporting ecosystem services. Mangroves provide habitat for
resident and migratory species. The supporting services include nursery grounds,
feeding and breeding sites for birds, fish, reptiles, shellfish, crustaceans, and
mammals (Bauhus et al., 2010).
1.1.4 CULTURAL ECOSYSTEM SERVICES
Mangroves provide cultural ecosystem services. The mangrove ecosystem provides
recreational services such as tourism and recreational activities due to its unique and
aesthetic landscape and biodiversity of fauna and flora (Barbier et al., 2011).
Furthermore, this feature gives opportunities for educational services (scientific
research), spiritual and artistic inspiration, cultural heritage, and identity to the local
communities (Bauhus et al., 2010).
1.2 IMPACT OF HUMAN ACTIVITIES ON MANGROVE ECOSYSTEM IN NIGERIA
Human activities, both direct and indirect are causing the loss of mangrove
ecosystems in Nigeria. Some of the direct activities are deforestation (Felea et al.,
2011), sand mining and dredging (Numbere, 2019); aquaculture; marine pollution (oil
pollution due to the toxicity of oil spills has degraded mangrove forests and is being
replaced by noxious Nypa fruticans, commonly known as nipa palms (Onyena & Sam,
2020; Bello, 2017)). In addition, land-based pollution (industrial waste discharge,
indiscriminate waste disposal), and agricultural practices (using fertilizer and
pesticides that wash into the marine environment) also affect the health of the
mangroves. These activities alter the soil's physio-chemical properties, resulting in
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loss of soil fertility and subsequent loss or/and reduced germination and growth
(Tanee & Albert, 2015; Onyema & Sam, 2020) of mangroves hence reduced growth
and proliferation of the habitat-forming trees.
Moreover, industrial and urban development (Ibe and Awobika, 1991), oil and gas
exploratory activities (Dublin-Green, 1997), salt extracted drying (Feka & Ajonina,
2011) are also direct activities with an impact on mangroves causing extensive habitat
loss.
An example of indirect human activities impacting the mangrove ecosystems are
greenhouse gas (GHG) emissions through shipping, gas flaming due to oil and gas
exploration, and burning of fossil fuels (Bello, 2017). Due to these activities, the soil
is exposed to increasing surface temperature and oxidation, increasing organic matter
decomposition (Ballut-Dajud et al., 2022), and eutrophication at the accumulative
sediment site (Alongi, 2002). The eutrophication is caused by wastewater rich in
nutrients, creating imbalance in the mangrove plant growth at the roots and foliage,
altering the accumulation services of the mangrove ecosystem (Ballut-Dajud et al.,
2022) due to the excess nutrients primary productivity and algal blooms increases,
changes in organic matter origin altering the carbon and nutrient accumulation rates
and dissolved oxygen level (Pérez et al., 2021). Therefore, lowers the pH of the
surrounding and deteriorating the ecosystems (Alongi, 2002). In addition, the
mangrove area is located in the lowest lying areas of Nigeria (Benson, 2021); hence
the mangroves are affected by sea level rise, causing flooding of the base of the tree
and roots system and a shift in species prevalence, e.g., a relative increase of red
mangroves. Some mangroves can to some extent adapt to sea level rise by building
vertically and enhanced development of aerial root structures (Turner et al., 1995;
Krauss et al., 2013). Moreover, mangroves are in a dynamic equilibrium accreting
organic sediments in response to sea-level rise (Kirwan and Megonigal, 2013).
However, when sea-level rise outpaced this response from the mangroves, drowning
has occurred in the geological past (at rates faster than 7mm per year; Saintilan et
al., 2020).
Furthermore, these direct and indirect activities threatened the mangroves through
the following factors:
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Habitat loss: The most important consequence of human impact is habitat loss (that
leads to extinction) (Sher,2022) through activities such as urbanization (road
construction, industries), uncontrolled deforestation, agriculture, aquaculture, and
coastal development, causing the clearing of the mangroves, degradation due to
pollution, and thus the trees and the associated species (birds, snakes, crabs, fishes,
shrimps) in the habitats are lost. More so, mangroves may be regenerated, but the
ecosystem cannot be recovered as well as the original habitats. Also, due to the
fragmentation of the mangrove habitat into small fragments, the mangroves are
vulnerable to denudation (through tidal pressure, erosion, flood) which results in the
gradual loss of the mangroves (Bryan-Brown et al., 2020; Numbere, 2019; Feka et
al.,2011; Ibe & Awobika, 1993).
Introduction of exotic species: Pollution from aquaculture, and agriculture, is another
human impact consequence where the feeds used for aquaculture and the fertilizer
for agriculture cause eutrophication, which lowers oxygen levels and changes species
distribution, and harms the mangrove habitats (Feka et al., 2011). Pollution due to
coastal development also causes eutrophication and coastal acidification, thus
causing degradation of the mangroves (Bryan-Brown et al., 2020; Dada et al., 2021;
Egberongbe et al., 2006). Oil spills directly cause the degradation of mangrove
ecosystems (Bello, 2017). The direct introduction of the Nypa palm into the
mangroves (Numbere, 2019), which competes for resource with the mangroves and
modifies the habitats (Wootton, 1994) and also change the soil chemistry and texture
(Numbere, 2019) which affect mangrove growth and the invasive nypa palm dominate
the area.
Overexploitation: Overharvesting (timber, fuel wood), exploitation of oil & gas (illegal
artisanal refineries, pipeline vandalization) builds within the mangroves, and other
coastal development as an anthropogenic through seaports, dams, houses, and
industries built along the coast block or re-route water that passes through mangroves
hence causing the change in the filtration, sedimentation, salinity, and temperature,
which affects the aquatic species.
This research explores how decision-makers in Nigeria perceive prioritizing health of
the mangrove ecosystem, capturing the opportunities for managing and conserving
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the mangrove ecosystem. Since ecosystem services measure the interactions
between environment and human, the understanding of the perceived health of
mangrove ecosystems will be significant in prioritizing the management and
conservation efforts as well as enhance opportunities to prioritize policy for
sustainable management of the mangroves. To understand the values of the
mangroves, the anthropogenic impacts on the mangroves are some steps needed to
for effective conservation to obtain healthy mangrove ecosystems.
1.3 RESEARCH OBJECTIVES
The objective of this research is to evaluate decision-makers' perceptions of
mangrove ecosystem services. In order for this to be achieved, the study will seek to
achieve the following aims:
1. Determine the level of perception of mangroves' health by decision-makers in
Nigeria.
2. Demonstrate how the risk of anthropogenic activity concerning the mangrove is
perceived.
3. To demonstrate the opportunities for prioritizing mangrove health and achieving
management and conservation of the mangrove ecosystem, as perceived by
decision-makers in Nigeria.
1.4 RESEARCH QUESTIONS
1. What are the important ecosystem services of mangroves in Nigeria?
2. How do important stakeholders/decision-makers prioritize mangrove health in
Nigeria?
3. What are the opportunities and challenges perceived by decision-makers for
prioritizing and achieving mangrove health in Nigeria?
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2.0 METHODS
For this thesis, I adopted a qualitative research approach using semi-structured
interviews to collect primary data (Young et al., 2018), and I conducted a literature
review to ascertain the human impact on the mangroves' health. I used the semistructured interviews because they provide a more flexible interview format where it
is possible to clarify and go more in depth on topics that are discussed in the
interviews (Benitez et al., 2018). In addition, the interviews aim to determine the
prioritization of mangroves' health by decision-makers and the opportunities and
challenges for achieving mangrove health. The aim of the literature review was to find
information on the mangroves, the ecosystem services, and the impact of human
activities on the mangrove ecosystem that may help achieve the research objectives,
with a particular focus on mangrove areas in Nigeria.
2.2 INTERVIEW DESIGN AND QUESTION
Two sections guided the interviews. Section (A) contains questions on the
demographic information and work experience of the participants, while the section
(B) contains questions on the assessment of values of mangrove health (see
Appendix A for the complete interview questions). The World Maritime University
(WMU) ethics clearance committee approved the interview guide. Furthermore, I
contacted participants from different institutions and organizations in Nigeria through
WhatsApp calls and my WMU Gmail account for an interview request, date, and time
as agreed. Also, I conducted the interviews via zoom between June and August 2022,
and each scheduled interview was conducted in the English language and did not
take more than 45 minutes.
2.3 ETHICAL CONSIDERATIONS
The World Maritime University (WMU) Research and Ethics Committee (REC)
guidelines ethical process was followed in this research, and ethical approval from
the university was sought prior to the start of this research. Furthermore, participant
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consent was sought to ensure that they took part in this study voluntarily. Anonymity
was maintained throughout and after the study. Therefore, the interviewees are
identified by the following codes: M1, M2,.Mn in the rest of the paper. Furthermore,
the data collected are accorded a high degree of confidentiality as they will not be
shared without the participant's consent. In achieving this research's objectives, I
address possible existing biases transparently.
2.4 SAMPLING
The interviews targeted senior government officials, those working in academia, and
local community leaders directly involved in decision-making. The interviews were
carried out based on the availability of respondents from the targeted participants.
Also, I recruited interviewees through snowball sampling. Snowball sampling is a nonprobability sampling technique where participants provide referrals to other experts
relevant to the research (Flick, 2018). This technique enabled me to find participants
who would otherwise not have been visible through simple web searches. Moreover,
snowballing can also aid in achieving a desirable sample size (Naderifar et al., 2017).
A list of all participants in this study is provided in Table1 below. I recorded the
interviews for ease of transcription with the participant's consent and took notes along
with the recording. The sample size targeted was 15-20 (Braun & Clarke, 2013), but
fourteen interviews were conducted out of the twenty informants reached out to (i.e.,
an 70% response rate).
Table 1: List of Interviewees , their code names, interviews date, area of expertise (
duration of work and experience ), and duration of interviews.
S/N

Code
Name

Date of
Interview

Area of
Expertise

Institution

1

M1

15/06/2022

Regulator
Institution
(Federal
Government)

2

M2

16/06/2022

Blue Economy,
climate change,
and
marine
hazard
and
noise
regulation
Restoration of
Mangroves,
monitoring, and
dictation of oil
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National Oil
Spill
Detection
and

Years of
involvement
with related
activities
7

Duration
of
interview

12

29:11

17:14

spills along the
coastline

3

M3

22/06/22

Master marine,
district
Surveyor,

4

M4

24/06/22

5

M5

30/07/2022

Climate
change,
Harmony with
nature, policies
on
Environmental
management,
biodiversity
conservation.
Afforestation

6

M6

30/07/2022

7

M7

8

Response
Agency
(NOSDRAFederal
government)
National
Association
for
master
marines
(NGO)
Regulatory
institution
(Federal
Government)

50

24:01

26

16:35

Regulatory
Institution
(Federal
government)

12

15:01

Mangrove Desk

Regulatory
Institution
(Federal
Government)

8

21:05

07/07/2022

Marine
Journalist

onePage
African
Foundation
(NGO)

10

27:53

M8

12/07/2022

Regulatory
Institution
(Federal
government)
NEWMAP

16

31:24

9

M9

17/07/2022

Erosion control
and
water
shade
management,
biodiversity
conservation,
mangroves
valuation
Community
leader

7

44.09

10

M10

20/07/2022

Queens Star
Elders
council,
Okorobo
Rivers state
(Community
Leader)
Otuoke
Bayelsa
State

20

30.02

Environmental
expert,
Community
Member

12

11

M11

25/07/2022

12

M12

29/07/2022

13

M13

03/08/2022

14

M14

04/08/2022

Urban
Hydrology,
Hydrology
modeling, and
climate change
Environmental
expert,
mangrove desk

University of
Lagos Akoka

26

35.07

Regulatory
Institution
(State
government)

18

30.14

Biomonitoring
and restoration
Ecology,
marine
pollution
monitoring, and
seafood safety.
Plant biologist

University of
Port
Harcourt,
River state

25

49:15

Federal
University
Otoake,
Bayelsa
state

2.5 Method of Interview and Data analysis
I

transcribed

the

interviews

with

the

aid

of

the

website

oTranscribe

(https://otranscribe.com/ ) and organized the data into common themes using the
deductive approach of thematic analysis (Elliott, 2018; Clarke et al., 2015; Terry et
al., 2017). This coding process identifies interesting and important aspects of the
collected data that are related to the research questions and objectives (St. John et
al., 2014).
I employed thematic analysis for this research. It provides a qualitative, systematic,
rigorous, and approachable method of coding and theme development (Honitz,2010),
focusing on the research subjectivity (Clarke et al.,2015). The research is responsive
to the researcher's evolving engagement with the data (Braun & Clarke, 2013). The
research used a deductive thematic analysis approach as it moves beyond the
apparent meaning of the data to view it through theoretical concepts (Clarke et al.,
2015). For instance, the common themes will allow the mangrove ecosystem services
identified to be classified according to the Common International Classification for
Ecosystem Services (CICES) (Haines-young & Potchin, 2010; Cook et al., 2020).
Using the interviewees' words will help to put the results into the broader context of
the literature reviewed.
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The analysis was facilitated by identifying the code patterns in the data where
common themes were generated (Braun & Clarke, 2006). These overarching themes
were used to organize and structure the analysis (Clarke et al., 2015).
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3.0 RESULTS
The common themes analysed include the type of ecosystem services mentioned,
some of the roles of the regulatory organizations in mangrove management, and
opportunities and challenges of prioritizing mangrove health (Table 2).
From the deductive approach based on the literature review, four themes were
analysed from coded common themes. These are the ecosystem services, roles of
the mangrove regulatory institutions and stakeholders in prioritizing mangrove health
challenges for prioritizing mangrove health, and opportunities to prioritize mangrove
health, corresponding to the questions in the interview guide (Appendix A). More
detailed sub-themes can be found in Table 2.
Table 2: Common themes identified in the interview responses, organized by the
interview question
Question

Common theme

What are the important

Mangroves are carbon sequesters (M1, M4, M5, M6, M8, M10, M11).

ecosystem services of

Nesting, breeding, and spawning grounds for fishes and other species

mangroves in Nigeria?

(M1, M2, M3, M4 M5, M6, M7, M8, M9, M10, M11, M12, M13, M14).
Habitats for animal species including endangered and migratory
species (M1, M3, M4, M5, M6, M7, M8, M9, M10, M11, M13, M14).
Protect against coastal erosion (M1, M4, M5, M6, M8, M9, M10, M13,
M14), help with the purification of water (M1, M3, M4, M5, M6, M8, M9,
M10, M11, M12), and trap sediments and pollutants (M2, M4, M6, M7,
M8, M9, M10, M11, M13, M14). The edges of mangroves define
channels for navigation (M3, M4, M9, M12). Provision of wood for
timber, shrubs for medicine, and dyes (M1, M3, M4, M5, M6, M7, M8,
M9, M11, M12, M13, M14). Serves as a source of food and
employment for the community (M1, M2, M3, M4, M5, M6, M6, M7,
M8, M9, M13, M14). Spiritual and cultural heritage (M3, M7, M9, M12,
M13, M14). Mangroves habitats are used for aquaculture and for
commercial fisheries (M1, M3, M4, M5, M6, M7, M8, M9, M13) as well
as artisanal and subsistence fishing (M1, M2, M3, M4, M5, M6, M7,
M8, M9, M10, M11, M12, M13, M14). For regulation of climate change
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(M1, M3, M4, M5, M6, M8, M9, M10, M11, M12, M13), soil and air
quality (M3, M4, M5, M8, M9), and reduction of pollution (M3, M7, M9,
M13). Provision of salt, honey, and bush meat to the local communities
(M3, M9, M10, M12, M13, M14)
Challenges for prioritizing

Human impacts such as urbanization, oil spills, logging, and invasive

mangrove health in Nigeria.

species (M1, M2, M3, M6, M8, M9, M13, M14). Insecurity, illegal
artisanal refineries, and pipeline vandalization in and around the
mangrove area (M2, M3, M4, M5, M8, M9, M10, M11, M12, M13, M14)
Weak implementation of conservation policies of mangroves (M3, M7,
M8, M9, M13, M14). Destruction of spiritual and cultural sites (M3, M7,
M9, M12, M13, M14). Low awareness by the coastal community of the
benefits of mangroves (M3, M4, M6, M7, M8,

M9, M11).

Overharvesting, illegal, and overfishing threat to endangered species
in the mangrove habitats (M1, M3, M5, M6, M7, M8, M13, M14). Little
knowledge of the prevention of marine pollution (M3, M4, M7, M8, M9,
M11, M12). Lack of awareness of the importance of mangrove health
by policymakers (M5, M8, M9, M10). Lack of coordination among
institutions that regulate and manage mangroves ecosystems (M1,
M3, M5, M6, M7). Ill-prepared and lack of capacity to maintain
mangrove health (M6, M7, M8, M9). Population increase (M3, M6, M7,
M8, M9, M10, M12). No policy at the local, state, or national level on
the management and protection of mangroves (M6, M8, M9, M12).
Fragmentation of the mangroves (M3, M4, M9, M13, M14)
What are Opportunities for

Restoration of mangroves (M1, M2, M5, M6, M8, M13). Sustainable

prioritizing and achieving

use of the mangrove ecosystem (M3, M4, M6, M7, M8, M9, M12, M13,

mangrove health?

M14). Sustainable eradication of invasive species (M1, M4, M6, M8,
M9, M14). Afforestation using native species of the mangroves (M1,
M5, M8, M9, M14). Carbon financing carbon offset (M2, M8, M13)
Control and prevention of pollution (M2, M3, M4, M7, M8, M9).
Monitoring oil spills through surveillance of coastal areas and cleanoffs of the oil spills (M2, M3, M5, M7, M9, M13). Funding for research
and conservation of the mangroves (M1, M3, M4, M6, M7, M8, M9).
Using derived benefits to justify prioritization through the identification
of the socio-economic values of the mangrove (M3, M4, M6, M7, M8,
M9). Advocacy to end users, government, and potential users (M1, M3,
M4, M5, M6, M8, M9, M13). Creating policy for the management of
mangroves, and sourcing development partners for additional support
and financing (M4, M5, M6, M7, M8 M13, M14).
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3.1 INTERVIEWS REFLECTION ON ECOSYSTEM SERVICES OF MANGROVES
These common themes allowed the mangrove ecosystem services identified to be
classified according to the Common International Classification for Ecosystem
Services (CICES) (Haines-young & Potchin,2010; Cook et al.,2020) using the
interviewees’ words as shown in Table 3 below.

Table 3: Classification of ecosystem services from the themes
Provisional services

Regulatory &

Supporting

Cultural Services

Maintenance services

Services

Provide Habitats for fish

Carbon sequesters

Habitats for

Tourism,

species (M1, M2, M3,

(M1, M3, M4, M6)

migratory

recreational (M3.

M4, M5, M6, M7, M8,

species, birds,

M4, M5, M7, M8,

M9, M10, M11, M12)

and terrestrial

M9).

mammals (M1,
M3, M4, M5,
M6, M7, M8,
M9, M10, M11,
M13, M14).
Provide food, timber,

Accumulate sites for

Serve as

Aesthetic, spiritual,

and medicine, dye (M1,

sediment,

breeding

and cultural

M3, M4, M5, M6, M7,

contaminants, and

grounds for

heritage (M3, M7,

M8, M9, M10, M11,

pollution (M1, M2, M3,

fishes (M1, M2,

M8, M9, M13.

M12, M13, M14)

M4, M6, M7, M8, M9,

M4, M5, M6,

M14).

M10, M11 M13, M14)

M8, M9, M10).

An important area for

Filtration and clearing

Edges of the

Cultural education

commercial fishing and

of water (MI, M3, M4,

mangroves are

(M3, M7, M9, M12,

aquaculture (M1, M2,

M5, M6, M7, M8, M9,

used as

M13, M14)

M3, M4, M5, M6, M7,

M10, M11, M13, M14)

channels for

M8, M9, M14)

navigation (M3,
M4, M9, M12)

Provision of wood for

Protection against

Defecating site

conduction of local

erosion (M1, M3, M4,

(M7, M9, M12)

canoes, fuel wood,

M5, M6, M7, M8, M9,

Charcoal, and paddling

M10, M11).

sticks (M3, M5, M7,
M13, M14)
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Provision of salt, honey,

Site for research

and bush meat (M3, M9,

and education

M10, M12, M13, M14)

(M10, M11, M13,
M14)

Source of food and
employment for the
communities (M1, M2,
M3, M4, M5, M6, M7,
M8, M9, M13, M14)

In the analysis of the common themes, the provisional ecosystem services of the
mangroves are the most mentioned by the interviewees followed by regulatory &
maintenance services then supportive and cultural services. In the following
paragraphs a detailed account is given of the interviewee’s perceptions of the different
mangrove ecosystem services.
3.1.1 PROVISIONAL ECOSYSTEM SERVICES
Provision of habitats for fish species was reported by all the interviewees (Table 3),
to some it was perceived as a direct benefit as for example M3 (President of an NGO)
states: “these mangroves are habitats for periwinkle, shrimps, crayfish, oysters, crabs,
prawns and most fishes which serves as the source of livelihood for the communities.”
Provision of food, timber for building houses, canoes, roofing, fish racks, paddle
sticks, fish traps, stakes for farming, and wood as fuel were all mentioned as
ecosystem services by the interviewees. Interviewee M8 from a regulatory institution
(Federal government), noted: “The mangroves are the source of livelihood for the
communities in and around it as most of them are involved in artisanal fishing which
they eat and sell few to their neighbours, logging for wood, charcoal making from the
mangrove wood. Some are carvers of masquerade and other artistic carvings using
the mangrove wood especially the black and the white mangroves”. The mangroves
also provide medicine as plant-based traditional medicine, material for dyes, honey,
and salt as reported by most of the interviewees (Table 3). As mentioned by
interviewee M14 (Plant biologist): “The locals used some of the mangrove species for
medicinal purposes like the Rhizophora racemose is used to treat chickenpox and the
black mangroves for treating convulsion and high fever". As reported by all the
participants, mangroves are an important area for commercial fishing and aquaculture
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(Table 3). Moreso the provision of the stem and the shrubs which are used to produce
tool handles and glue were also mentioned by some experts in the interviews.

3.1.2 REGULATORY & MAINTENANCE ECOSYSTEM SERVICES
Furthermore, regulatory and maintenance ecosystem services were mentioned by
many of the interviewees (Table 3). Mangroves were described as carbon sequester
and accumulation sites for sediment, contaminants, and pollutants by most of the
participants. The provision of protection against coastal erosion and ocean surges
was also reported by interviewees but it was mostly mentioned as part of the
challenges of the loss of the mangroves that the communities in and around the
mangroves are experiencing. For instance, participant M9, from Okorobo Kingdom
mentioned: “I happen to come from the last community before you hit the Atlantic
Ocean, before when I was growing up, we have big mangroves thick ones and you
can see all kinds of animals, birds in there even at the middle of the river mangrove
were growing but now the mangroves are receding, degrading and dying and water
takes over the community. Especially when it rains, the community, my ancestral
home has been taken over by sea now.”
The provision of regulation of quality of water through filtration, and soil quality
regulation was reported by M1, M2, M3, M4, M6, M7, M8, M9, M13, and M14, where
M13 Biomonitoring and restoration Ecology, marine pollution monitoring, and seafood
safety expert, explained: “The mangroves act as a biological filter for the ocean. So,
when land base contaminants are transported down the stream the mangroves
trapped them and the contaminants wash ashore from the ocean are also intercepted
by the mangroves and will be buried as part of the mangrove sediment”. Moreover, a
few interviewees mentioned the regulation of air quality by mangroves as stated by
an interviewee that “the natural air we breathe at night has changed due to the loss
of mangroves around the community.”

3.1.3 SUPPORTING ECOSYSTEM SERVICES
Also, several supporting services were mentioned by the interviewees, albeit less than
the provisioning and regulating services. Interviewees mentioned that mangroves are
habitats for migratory species, birds, and terrestrial mammals (Table 3). Interviewees
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also mentioned that mangroves are nesting habitats, breeding grounds, and spawning
sites for species/biodiversity (Table 3).
Furthermore, as the edges of the mangroves mark the limits of the swamp the locals
are using them as navigational maps/ pilotage for moving along the creeks to avoid
grounding as reported by some of the study participants (Table 3).

3.1.4 CULTURAL ECOSYSTEM SERVICES
Tourism and recreation services are reported as some of the cultural ecosystem
services of mangroves by M3, M4, M5, M7, M8, and M9. These ecosystem services
have direct socio-economic benefits and are therefore easily perceived as values by
most community leaders. But the aesthetic, spiritual, and cultural heritage are also
mentioned by M3, M7, M8, M9, and M13 the loss of these services is observed by
locals due to the loss of mangroves their area.
Knowledge from the local people on management, conservation, and uses of the
mangrove was also mentioned as cultural educational services provided by the
mangroves in the interviews. A few of the participants (M9, M13, M14, Table 3)
mentioned that a community in Rivers State called Kono has been conserving their
mangroves areas for over forty years without cutting them and luckily spills have not
affected the area. The interviewees mentioned that research should be done on these
mangroves and this community to use the knowledge for sustainable conservation of
the other mangroves areas in the country.

3.2 INTERVIEWEES REFLECTION ON CHALLENGES FOR PRIORITIZING
MANGROVE HEALTH
“As a navigator, we experience drastic weather changes which are different from what
we used to experience before. We experience a reduction in the expanse of water
even along the riverine areas it used to be deep and we would be touching
mangroves. When we are moving in the creek along Escabus to Sapele Koko
monkeys will be jumping and the mangroves were very visible but now human
destruction threatens those trees, they are so far away, we don’t see monkeys and
other animals anymore.” (M3)
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Through the interviews series of issues were identified related to the health of the
mangroves and challenges that degrade or destroy the mangrove health as well as
the ecosystem at large. In the analysis of the common themes (Table 2), M1, M2, M4,
M5, M6, and M8 interviewees report that oil exploration and spills are the major
challenges to mangrove health, as example according to one of the experts
interviewed (M2 Restoration of Mangroves, monitoring, and dictation of oil spills along
the coastline expert): “mangroves are very sensitive ecosystems. When an oil spill
does occur, it is trapped and pollutes the soil, the habitats as well and prevent the
healthy growth of the mangroves so the soil will not sustain the growth of the
ecosystem.”
The second major challenge mentioned by most of the participants of the interview is
the land reclamation of the mangrove areas and fragmentation of the mangroves
through road constructions, pipeline laying, and electricity right line as an example
given by M13 (Environmental scientist): “Between Nembe and Brass local
government a large portion of mangroves were cleared for a road project and the
project was put on hold but all the mangrove ecosystem has gone. And another is
ongoing between Yenagoa and Brass where hectares of mangroves are cleared for
the road”.
The challenges of population increase, urbanization, deforestation, and unsustainable
uses through logging, aquaculture, overfishing, and hunting of the endangered
species of the mangrove ecosystem are also mentioned by M1, M3, M4, M5, M8, M9,
M10, M11, and M12. Some of the participants also mentioned that the fishermen and
the local indigenes are complaining of depleting fish populations and some of the
common species are becoming rarer like the red tail monkey and the sea lion are rare
now but used to be common and they live on older mangroves which are degraded
and decreasing.
Challenges related to climate change such as more floods and storm surges are
experienced in and around the mangrove communities due to sea level rise like the
one mentioned at Okorobo community, this was reported by M1, M4, M5, M6, M8,
M9, and M12. Also, some of the participants mentioned the presence of smog in the
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atmosphere, in some of the communities in the mangroves areas as a result of
burning the mangrove for charcoal.
Also, the problems of invasive species such as the

Nypa palms were mentioned

by M1, M3, M6, M8, M9, and M13, these palms are replacing the native mangroves
as they share nutrient resource and space with the mangroves thus depriving them
of their nutrients and space to grow. The mangroves are also overharvested but the
nypa palms are not utilise as their benefits are not non to the locals. The disruption of
spiritual beliefs such as the coastal shrine (place of traditional worship) within the
mangroves was mentioned in the interviews. The loss of wood used for carving the
masquerade mask from older strong mangroves was also reported by a few
interviewees as part of the issues of cultural services of spiritual belief. Changes in
the aesthetic value of the mangroves were also reported by some of the interviewees.
Furthermore, the interviews revealed a lack of awareness and knowledge about the
management of the mangrove ecosystem among the people in and around the
mangrove. The lack of (other) decision-makers’ awareness of mangrove health and
values and policy both at the local, state, and national levels on mangrove health
management was reported by M1, M3, M4 M5, M6, M7, M8, and M9.
Some of the interviewees also report communities living in and around the mangroves
are ill-prepared and have a low capacity to maintain mangrove health, human use
pressures, and lack of coordination among sectors that are users of the ecosystem
services as part of the challenges. Interviewees also report on the vandalization of oil
pipelines by the communities and sell the product in black market as source of
livelihood. Insecurity in the mangroves areas is another challenge mentioned by the
interviewees M1, M2, M3, M6, M8, M9, M13, M14, which make access the area
difficult as militant live there engaging in bunkering. For many of the local
communities, the source of their livelihood is damaged and occupied by oil exploration
which has claimed most of the mangrove areas, the pipeline laid within the mangroves
is also reported by M2, M3, M4, M7, M8, M9. “Therefore, illegal bunkering and
artisanal refineries are mostly employed by the youth of the communities as their
livelihood has been taken away by oil exploration and land reclamation along the
coast” as mentioned by an expert in the regulatory institution(M8) interview.
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Some of the interviewees (M1, M3, M5, M6, M7, M8, M9) also mentioned the natural
resources base conflict due to people migrating from the affected community to
another community seeking for livelihood, some even moving to the neighbouring
communities to fish and log wood which also deplete the mangrove ecosystem of that
community as well. Also, as a result of loss of the mangrove which is habitat to
migratory species, The species move to another location where the ecosystem is
healthy, and the people living there move to source for another livelihood in another
place. According to an expert M8 (regulatory institution): “once the mangrove estate
is destroyed the people migrate and once, they migrate then we have the natural
resources base conflict as a result of environmental or ecological refugees that moved
to another location”.
3.3 INTERVIEWEES REFLECTION ON POSSIBLE OPPORTUNITIES TO
PRIORITIZE AND ACHIEVE MANGROVE HEALTH
To achieve mangrove health one of the expert suggestions (M8) was a stepwise plan
to establish protected areas: “Through derived benefits, the justification of the
mangrove health will be prioritized. Therefore, identifying the strategy for a valuation
(of mangrove ecosystem services), then advocacy will follow to the end users,
communities, government, and potential exploiters of the mangroves. After advocacy
then you gazette them and build protected areas and manage them.”
Out of the interviewees, (M1, M4, M5, M6, M7, M8, M9, and M12) mentioned socioeconomic valuation of the mangroves, advocacy to the end users, communities in and
around the mangroves area, government, and potential users as potential
opportunities to prioritize mangrove health (Table 2).
Interviewees also suggested restoration of the degraded mangroves through
detoxification of the pollutants in the soil so that the natural vegetation of the
mangroves can regrow and re-establish the ecosystem (Table 2). Sustainable
eradication of the invasive species in the mangroves through identifying the benefits
of this species and encouraging their use, which will reduce the exploitation of the
mangrove, and afforestation using native species was also part of the interviewee’s
suggestions.
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Using expert organizations and NGOs to sensitize the communities in and around the
mangrove on sustainable use, management, and the need for conservation of the
mangroves on the values of the mangroves was suggested by M1, M2, M3, M4, M9
(Table 2). Moreover, most interviewees mentioned the need for the creation of policy
for the management and conservation of mangroves, and finding development
partners that can bring more funding should be sought to support and give expertise
(knowledge transfer/capacity building) on the management of the mangrove health
and its ecosystem (Table 3).
M2, M3, M4, M5, M6, M7, M9, and M10 mentioned protection against unsustainable
use of the mangrove (cutting from the roots, overfishing, overgrazing the terrestrial
species of the mangrove habitats, using bad fishing practices), prevention and control
of pollution (oil spills, plastic pollution, monitoring clean-off, early dictation of
pollution). Also, community sensitization on the prevention of marine pollution, and
replanting each mangrove cut with two or more seedlings of the mangroves were also
suggested as some of the opportunities to prioritize mangrove health in the interviews.
Advocacy for the government on the need to create policies to enhance mangrove
health, the inclusion of local knowledge in providing conservation policies for
mangroves, and providing knowledge and awareness to policymakers, and
communities in the mangrove areas on sustainable use, management, and
conservation of the mangroves were some of the suggestions from experts M3, M4,
M6, M7, M8, M9, M10 and M11 to prioritize mangroves health.
Interviewees also suggested capacity building and more awareness on the benefits
of management and conservation of the mangrove ecosystems to the policymakers
and the communities in the mangrove area (Table 3).
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4.0 DISCUSSION
For this thesis I interviewed decision-makers and experts related to mangroves
management and governance, the result mapped out the mangrove ecosystem
services in Nigeria (see the result in table 3), and the interviewees were asked about
the challenges of mangrove health (result 3.2). The study findings also relate to
opportunities for prioritizing and achieving mangrove health (result 3.3).
Key findings in this study are the perceived value by decision-makers of the
relationship between the benefits of the mangrove ecosystems and the livelihoods of
the mangrove communities. And, challenges on the mangrove health were mapped
out due to the perceived destruction of the mangrove ecosystem. Interviewees also
gave recommendations on what according to them are good starting points for
conservation. This study could help to avoid unwanted conversion of the mangroves
by creating a rationale for prioritizing policies on mangroves, through increasing trust
among resource users and managers, and identifying potential alternative livelihood
activities. Moreover, suggestions offered by the interviewed experts could help
sustain the use of multifunctional mangroves in accordance with long-term mangrove
management and conservation.
The results of this study indicated the major significant challenges to the health of the
mangroves in Nigeria are oil exploration, land reclamation, overharvesting, climate
change impact, and lack of policy framework for the management and protection of
mangroves. Other studies show, in term of conservation and management of these
vital coastal-marine ecosystems, policymakers have been said to frequently overlook
or underestimate the importance, values, and multifunctionality of mangrove
ecosystems resulting in ineffective management decisions (Mangora, 2011; Malik et
al., 2015; Nyangoko et al., 2021). Although the interviewed decision makers in this
study showed a good understanding of mangrove ecosystem services. However, the
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findings from the interviews show that decision makers perceive that there is
insufficient funding for management of the mangroves and monitoring of pollution
impact on the mangroves; that there is insecurity in the area; that communities seem
to suffer losses in their livelihoods; and that decision makers perceive that there is
low awareness of the value of the mangroves by the locals and that the lack of
livelihood alternatives for local people contributes are all contributing factors to
continued degradation of the mangrove areas in Nigeria. Moreover, poor mangrove
management, low implementation and enforcement of laws and a lack of regulations
protecting the environment and lack of capacity and awareness by regulatory
institutions on management and knowledge of sustainable use are additional
contributing factors to this degradation, as perceived by the decision makers. These
interview results are in line with Numbere, (2019) and Zabbey et al., (2019) who
studied conservation measures and threats to the sustainable use of mangrove
resources in Nigeria.
The findings of the result also addressed opportunities to prioritize managing the
health of the mangroves, which could enhance possible policies for sustainable
management of the mangrove ecosystem services and protection of the mangroves.
Furthermore, interviewed decision makers, scientists and community leaders
perceived the mangrove resources' importance to the communities around the
mangroves due to their significant dependency on the people's livelihood as well as
a need to manage and conserve the mangrove ecosystems sustainably.
4.1 PERCEPTION OF VALUE OF MANGROVE ECOSYSTEM SERVICES
Provisioning services were consistently mentioned more frequently by the decision
makers (Table 3) than for instance regulating or cultural ecosystem services.
Moreover, overexploitation of mangrove ecosystems and the loss of provisioning
services from the mangroves received more emphasis. This study's findings on
provisioning services more prioritize are consistent with previous research (LópezSantiago et al., 2014; He et al., 2018; Quevedo et al., 2020). The study also showed
that decision-makers seemed to perceive the value of the ecosystem due to
anthropogenic impacts (i.e. the loss of the ecosystem service). This could be a
contributing factor to degradation and loss of mangroves, thus affecting the health
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and ecological functions of the mangroves. However, impact on the health and
reduction in ecological functions may lead to prioritization of mangrove management
and protection to support the livelihood of the communities living around the
mangroves, due to the increased perception of their importance (Nyangoko et al.,
2021; Wang et al., 2021; Nyangoko et al.,2022) is shown in other studies.
In many tropical areas, fishery success heavily depends on mangrove health (Valiela
et al., 2001; Gnansounou et al., 2021), this is also shown in this study due to
degradation of mangroves fish stock dwindled thus perceived as a challenge to
mangrove health by the participants of this study. Moreover, this perception is also
shown by the decision-makers viewed on the need to protect the mangrove health in
Nigeria as a priority due to the importance of mangroves as a biodiversity hotspot,
and habitat provider, thus a strategic ecosystem for artisanal and commercial fishing
in the Gulf of Guinea. And studies have shown Nigeria has highest mangrove area in
the region (Numbere, 2019), and this perceived supporting mangrove ecosystem
services value by the decision-makers (Pascual et al., 2017) may determine policy
objectives to protect the biodiversity integrity of the Gulf of Guinea. In addition, such
protection will also support the livelihood of the fishers and fisheries of the Gulf of
Guinea and various estuaries that drain the connected areas into the Gulf of Guinea.
Among the cultural services, education and cultural heritage are perceived more as
shown in the result findings, which is also in line with the research on human activities
(oil spill) in the mangrove communities (Fentiman & Zabbey, 2015) causing loss of
cultural heritage and knowledge due to the lost of mangroves in the area (Zabbey et
al., 2017). Furthermore, to reduce the exploitation of mangroves (deforestation),
utilization of the cultural services that are not explored, such as tourism and the
mangroves' recreational service, is highlighted in this study as an alternative livelihood
source for the communities living in close proximity to the mangroves. This finding
was also reported in Singapore, where cultural heritages are replaced by educational
and recreational values of the mangroves (Ruslan et al., 2022). Therefore, this shows
an understanding of different ecosystem services, indicate interactions between
humans and the environment (Aktürk & Güneroğlu, 2021) and difference in perceived
value of ecosystem services impact decisions on management and conservation.
Furthermore, the service of mangroves in allowing safe passage and navigation
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routes in lagoons and aiding inshore fishing (Wells & Ravilious, 2006) is strongly
linked to the perceived value for the planning process of transportation medium in the
creeks from the study. Hence, this service is perceived as a policy priority for
sustainable mangrove management to enhance the coastal state's transportation
policy.
The loss of mangroves reduced the regulatory services (Quijas & Balvanera, 2013),
and these losses were perceived by the decision-makers as most of the mangroves
were degraded and immature, they root not mature to trap sediment as Lee et al,
(2014) research show manure roots of mangroves bind the soil and trap sediment
and suspended particles. This has led to a reduction in their ability to filter water,
protect against erosion, buffer, and attenuation of water flow (Barbier et al., 2008),
and also a reduction in their ability to store carbon in the soil (Benson, 2021)

4.2 ANTHROPOGENIC AND CLIMATE CHANGE- RELATED PRESSURES ON
THE MANGROVE ECOSYSTEM
Mangroves degrade as a result of anthropogenic pressure (Worthington et al., 2020),
altering the structure and function of mangrove ecosystems as well as their ability to
provide essential goods and services to millions of people in the tropics (IPBES, 2019,
Maina et al., 2021). These anthropogenic activities degrading mangroves is also
evident in this study findings and others studies in the area as the large quantity of oil
spilled in the mangrove area has impacted the soil, biomass, sediments, surface, and
groundwater (Benson, 2021), caused degradation of the biota, destroyed the roots of
mangroves, and poisoned marine species (Kadafa, 2012). This is thus a major
challenge to the health of the mangroves and reducing its ecosystem services as
mentioned by 8 out of 14 interviewees in this study. The Ogoniland and Brass
communities' oil spills are examples of oil spills that degraded 1000 hectares of
mangroves, depriving them of their livelihood (M2, M8, M9, M13, M14; Sam & Zabbey,
2018; Onyena & Sam, 2020; Sam et al.,2022).
The challenge of overharvesting threatened mangroves had been previously reported
for Nigeria and other important mangrove locations. Numbere (2019) for instance
reported loss of mangroves due to logging for wood which leads to the loss of the
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mangrove that is the habitat to birds, tree crabs, tortoises, manatees, and monkeys
in the mangrove area of Nigeria. Ruslan et al. (2022) reported a reduction of fish and
shellfish due to the loss of mangroves. Moreover, industrial and domestic effluents
and fertilizer and pesticides run-off from agricultural sites, lead to pollution of the
mangrove ecosystem's brackish water, which affects the health of mangrove trees
(Feka et al., 2011) is also shown in this study.
The impact of mangrove habitat fragmentation on most of the mangrove estates,
habitat conversion (sand fill), and habitat loss leads to the degradation and loss of
ecosystems, reduced ecological functions which render fewer services (Numbere,
2019). The findings of this study showed similar narrative Numbere, (2019) report, as
the participants shown that due to reduction and loss of some of the mangrove
ecosystem services, people migrate to other communities for their livelihood. As in
the case of Bodo creeks' mangroves' degradation, most people relocate to Bonny for
their fishing activities (Fentiman & Zabbey, 2015). In contrast, some of the people in
the community support their livelihood by engaging in illegal artisanal refineries,
pipeline vandalization, illegal bunkering, and militancy activities which causes
insecurity in the mangrove areas and increase environmental pollution degrades the
mangroves hence resulting in less provision of all the mangrove ecosystem services.
Ecosystems and their services are increasingly being recognized as important means
of adapting to climate change and fluctuation; however, they are also affected by
climatic variations, which must be taken into account when developing an ecosystem
management strategy (Locatelli, 2016). This study shows the impact of climate
change in the areas where mangroves are degraded or lost are experiencing erosion,
floods, and surges causing more loss due to change in coastline and deposition of
sediment thus low benefits of ecological functions of the mangroves is perceived by
the participants of this research. This impact on climate change shown in this study is
comparable to the studies of Yanda et al., (2019) and Nyangoko et al., (20220) where
the authors showed that Changes in sea level caused by wave action and erosion
destroyed mangroves, which serve as important breeding and nursery grounds for
fish, resulting in lower fish catches. Furthermore, sea level rise, storm surges, and
erosion cause destabilization of mangrove vegetation and ecosystem (Egberongbe
et al., 2006; Benson, 2021).
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Some areas facing these climate change issues also have mangroves that are not
mature or too few to accumulate sediment and organic matter as shown by the result
of this study, these areas are now targeted by the project Nigeria Erosion and Water
shade Management under the World Health Organization and Ministry of Environment
(NEWMAP). Also, the plan by the federal government and the community leaders to
replant the lost mangroves in communities which suffer from floods and where
buildings are sinking as a result of the loss of the mangroves are cases of the
understanding of the importance of the regulatory services provided by the mangrove
ecosystem services as a climate change mitigator by the decision-makers.
4.3 OPPORTUNITIES TO PRIORITIZE AND ACHIEVE MANGROVE HEALTH
One of the opportunities to achieve mangrove health highlighted by experts in this
study, is a complete evaluation of ecological services provided by mangroves in their
biophysical, socio-cultural, and economic dimensions. For example, Mukherjee et al.,
(2014) showed that valuation is an opportunity to prioritize mangrove health; also,
such assessment would describe the usefulness, worth, and importance of the
ecosystem to the people, and decision-making can use the data as a tool in prioritizing
mangrove ecosystem health. Therefore, the identification and valuation information
can be used for advocacy, choosing between uses (trade-offs), and understanding
the ecological system of the mangroves linking human activities and their impacts on
the services produced by the ecosystem (Lal, 2003; Costanza et al., 2017).
Furthermore, it is argued by conservation experts that only if the actual value
(economic, ecological processes, cultural functions) of mangroves is known can
conversion of mangroves for other uses be avoided (Lal, 2003). Therefore, identifying
mangrove ecosystem services and valuation in Nigeria is an opportunity to achieve
and prioritize mangrove health.
Advocacy was also identified as a critical step in achieving mangrove health in this
study, which is consistent with Fiji"s experience with mangrove conservation, where
the government is involved in the reclamation of mangroves to produce land for
agriculture and industrial use (Lal, 2003). Advocating for mangroves benefits deltaic
mangroves and their resources (Lal, 2003).
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The opportunity of restoration of the degraded mangroves, through remediation of the
impacted mangrove environment in order to achieve healthy mangroves was also
findings of this study and is in conformity with findings of research on the restoration
process at Bodo community by Shell Petroleum Development Company SPDC (after
court agreement between Bodo community and SPDC (Fentiman & Zabbey,2015) on
the case of an oil spill of one of their pipelines). The process involves clean-off and
replanting of the mangroves; and ongoing clean-up in the Ogoni by the ministry of
environment, NOSDRA, and UNEP, which involves detoxification of the pollutants and
allowing the natural vegetation to grow back (Zabbey et al., 2017; Sam et al., 2017;
Sam et al., 2022). Though the process is still on but the successful restoration of
mangrove soil impacted by oil in Mahakam, Indonesia, through remediation and
replanting (Dutrieux et al., 2014) can be used as a success indicator for prioritizing
and achieving mangrove health through restoration.
The result findings also highlighted the opportunity of replanting mangrove seedlings
(afforestation) in degraded and lost mangrove areas to replace the lost mangroves
and add mangroves. Seedling replanting may help in achieving health and
management of the mangrove ecosystems as other studies have shown that highdensity mangroves withstand pollution more than low-density mangroves (Wang et
al., 2016) thus the seedling (high density) will grow faster in the degraded
environment. Moreover, planting more will prevent the invasive Nipa palm pressure
on the mangroves (Numbere, 2019) Therefore, replanting mangroves is a crucial
strategy in recovering the ecosystem services provided by the mangroves, and these
initiatives were evident in the Brazilian coast replanting of mangroves and the
recovery of the soil functions directly affected the restoration of the mangrove services
(Jimenez et al., 2022). The results also show the opportunity of eradication of invasive
nipa palms to prioritize mangrove health through advocacy on sustainable on the use
of the nipa. This opportunity may reduce the pressure of overharvesting on the native
mangroves which will allow regeneration, reduce fragmentation, and provide more
ecosystem services. The Hawaii's management of non-native species of mangroves
through understanding the perception of the benefits and human attitude toward nonnative mangroves (Lewis et al., 2018) is in line with the sustainable eradication of nipa
finding of this study an opportunity to achieve mangrove health.
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Co-management among all stakeholders (regulatory bodies, communities, NGOs)
was shown in this study as an opportunity to prioritize mangrove health management
and conservation, as through engagement of all stakeholders roles and
responsibilities are specified, understanding of the ecosystems and perception of the
benefits can improve, which will aid in decision-making and good management. The
benefits of co-management in Sundarbans mangrove management through
sustainably managing natural resources by maintaining ecological stability, green
growth promotion, and engagement of the community in governance (Rahman,2022)
is consistent with the findings of this study. The Sundarbans co-management aligned
the participatory approach with the Sustainable Development Goals SDGs (USAID,
2013; Rahman, 2022), thus improving community livelihood and mangrove
management. Co-management by the stakeholders (e.g. the local communities that
rely on the mangroves for their livelihoods) will provide sharing of local knowledge
and expertise to the institutions, hence an opportunity for prioritizing mangrove health
and enhancing sustainable management of the mangrove ecosystems (Zabbey et al.,
2017; Sam et al., 2022; M8 and M13)
To discouraging unsustainable uses and pollution on the mangrove, this study shows
awareness creation on pollution prevention, monitoring, and control of oil spills, and
early detection as findings to achieve prioritization of mangrove health. A similar
approach to the awareness creation findings of this study is the case of Mozambique
reforestation activities of the mangroves where mangrove species protection was
achieved and clearing of mangroves for aquaculture was discourage through
awareness campaigns (Menezes et al., 2011; Hoguane et al., 2021).
The study findings show the need for a legal policy framework on sustainable
management and protection of mangroves, as most of the policies are generally on
the conservation of biodiversity and wetlands, and there is low implementation of this
policies. Barbier et al. 2011 similarly recommended that the establishment of an
improved institutional framework that involves co-management in decision and
management is important in ecosystem management and conservation. Kabari et al.
(2017) also observed that all current environmental laws and policies at the Federal,
State, and Local Government levels of government in Nigeria needed to be reviewed
and amended. The reviewed laws should integrate environmental sustainability
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indicators that reduce costs of management, maximize social benefits, and reduce
the environmental footprint from anthropogenic sources in policy development
(Benson, 2021).
The study also emphasized the use of ecosystem-based management tools for
mangrove conservation, which is consistent with Numbere, 2019 who discovered that
establishing Protected Areas to protect the ecosystem and preserve the species
within is an opportunity for prioritizing mangrove health.
4.4 STUDY LIMITATIONS
This study represented the key decision-makers in mangrove regulatory and
management institutions but has the distinctive limitations of qualitative research in
terms of subjectivity and potential researcher bias. Designing the participants map,
creating the interview guide, deciding which interviewees to contact, coding
interviews, systemizing study results, and interpreting them all involve some level of
bias (Norris, 1997).
Also, snowballing gives a biased sample of interviewees that may share a similar
perception, and some voices may be missed (Parker et al., 2019).
The interviewee sample was also rather small and a larger sample of decision maker
voices could potentially show a more heterogenous perception of mangrove
ecosystem services. This would probably especially be the case when including
decision makers that would not directly be responsible for the sustainable
management of mangrove areas.
Local communities' voices are largely missed in this study; hence follow-up studies
on the perception of the mangrove ecosystem by people living in and around the
mangroves in Nigeria should be conducted to address this knowledge gap.
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5.0 CONCLUSIONS
Mangrove ecosystem services are perceived as an important communication and
decision support tool for policies on managing and conserving mangrove ecosystems.
This study explored such a view by highlighting the perception of decision-makers on
mangrove ecosystem services as well as challenges to those services and
opportunities to enhance them. The findings of the study are that decision makers
perceived the ecosystem services of mangroves through the context of identified
ecosystem services of the mangroves sustaining the livelihood of the people and
the anthropogenic impacts degrading the mangrove health disrupting the mangrove
ecological functions and thus ecosystem services. Also, the perceived opportunities
for prioritizing and achieving mangrove health were mapped out as proper valuation
of the benefits of the ecosystem, policy framework for management and sustainable
use, restoration of the degraded mangroves, and using ecosystem-based
management tools for conservation.
While the study showed an overall good understanding of the ecosystem services of
the mangroves among the interviewed sample, large challenges remain in their
conservation due to ongoing oil exploration and pollution, overharvesting of mangrove
trees and other natural resources in the mangroves, and oil pipeline vandalization
(resulting in pollution), conflict, loss of livelihoods affecting the local communities living
in close proximity to the mangroves.
5.1 RECOMMENDATIONS
The study findings suggested a strategic policy framework for sustainable
management of mangroves and conservation. This framework should involve all
stakeholders in the complete identification of the values of the mangrove ecosystem,
co-management with community people, advocacy for sustainable uses for all
institutions, implementation of environmental impact assessment on the mangrove
area, and gazette the mangrove area as a marine protected area.
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Also, advocacy on identifying trade-offs was suggested, such as incentivizing the
conservation of mangroves for carbon sink to the stakeholders and identifying the
benefits of invasive nipa to reduce pressure on the mangrove ecosystems was also
recommended in this research.
Provision of alternative benefits to mangroves such as food fuel with renewable
energy sources to reduces the unsustainable use of the mangrove ecosystems.
Incentives for alternative livelihood for the people in the communities was also shown
in the findings through incentives to start new livelihood; and reward for protecting
mangroves or fines for impacts on the mangroves (oil spills, overlogging). These
incentives will reduce illegal refineries, pipeline vandalization, and unsustainable use,
which degrade the mangrove ecosystems by reducing the insecurity in the areas due
to livelihood pressure.
Government should Improve socio-economic circumstances and livelihood through
allocating funds to create employment for the youth, which will also reduce the
pressure on the degradation of the mangroves, as according to the UNEP 2011 report
of the Ogoni environmental assessment (Sam et al., 2022), these recommendations
were made.
Furthermore, research was suggested on the ecology of the soil and mangroves
that are not degraded and how the communities sustainably manage the mangroves
in that area (Kono).
During the interview, the anthropogenic impact is mentioned as the major pressure
on the mangroves, evaluation of the impact of the pressure on the ecological
functions of the mangroves and the level of degradation, which was not done in the
current study, may help in the assessment of the health of the mangroves.
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APPENDICES
APPENDIX A: INTERVIEW QUESTIONNAIRE
Introduction
This interview guide has been designed in order to gather information on perceptions
of ecosystem services and conservation priorities by decision-makers and key
stakeholders in Nigeria through evaluating mangrove ecosystem services.
The aim is to explore:
1. Decision-makers perspectives

on the

health of

the mangrove

ecosystem.
2. Get decision-makers views on the opportunities to prioritize mangrove
health within their sectors.
The interview is purely for academic purposes being part of the requirement for the
award of a Master of Science degree in Maritime Affairs at the World Maritime
University.
Participation in this study is voluntary.
1. This will be a recorded interview unless the participant is unwilling to have it
recorded, they may state so at the beginning of the interview
2. A participant shall be required to provide consent for use of data by signing a
consent form
3. A participant has the freedom to exit the study at any time or withdraw the
consent
4. All information from the participants will be held with strict confidentiality hence
no divulging to third parties
The following interview questions are contained in the Interview guide:
Section A: Demographic Information
1. Which institution do you represent?
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2.

What group do you represent?
●

Federal Government

●

Ministry of environment

●

Ministry of education

●

Ministry of transport

●

Ministry of Agriculture

●

State Government

●

Non-Governmental Organization (NGO)

●

Local Communities

●

Other (please specify)

3. For how long have you been involved with marine-related activities?
●

Less than 1 year

●

More than 1 year

●

More than 5 years

●

More than 10 years

●

More than 15 years

●

More than 20 years

4. Do you know what is ecosystem services?
5. Which ecosystem services of mangroves is your organization responsible for?
Section B: Evaluation of mangrove health
1. What does mangrove health means to you?
2. What are the benefits that your sector will enjoy if mangroves are healthy?
3. Is your ocean sector affected by mangrove health if so, how?
4. How big a priority is mangrove health in your sector?
5. What are the challenges faced by your sector in relation to mangrove health?
6. What role has your organization played in the past 5 years regarding the
management and protection of mangroves?
7. What are the opportunities to prioritize mangrove health in your sector?
8. Should mangrove health be prioritized more? If so, how?
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APPENDIX B CONSENT FORM

PARTICIPANT CONSENT FORM

Dear Participant,
Thank you for agreeing to participate in this research, which is carried out in
connection with a Dissertation, in partial fulfillment of the requirements for the
degree of Master of Science in Maritime at the World Maritime University in Malmo,
Sweden.

The topic of the Dissertation is: Perception of values of ecosystem services by
decision-makers in Nigeria: Mangroves Ecosystem
The information provided by you in this interview will be used for research purposes
and the results will form part of a dissertation, which will later be published online in
WMU's digital repository (maritime commons) subject to final approval of the
University and made available to the public. Your personal information will not be
published. You may withdraw from the research at any time, and your personal data
will be immediately deleted.

Anonymized research data will be archived on a secure virtual drive linked to a
World Maritime University email address. All the data will be deleted as soon as the
degree is awarded.

Your participation in the interview is highly appreciated.
Student’s name: Saratu Inuwa Audu
Specialization: Ocean Sustainability Management Governance
Email address:wmu1012016@wmu.se

***
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I consent to my personal data, as outlined above, is used for this study. I understand
that all personal data relating to participants is held and processed in the strictest
confidence, and will be deleted at the end of the researcher’s enrolment.

Name:

………………………………………………………………………

Signature:

………………………………………………………………………

Date:

………………………………………………………………………
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